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Abstract
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Policy Research Working Paper 5491
As natural disasters hit with increasing frequency, 
especially in coastal areas, it is imperative to better 
understand how much natural disasters affect economies 
and their people. This requires disaggregated measures 
of natural disasters that can be reliably linked to 
households, the first challenge this paper tackles. In 
particular, a methodology is illustrated to create natural 
disaster and hazard maps from first hand, geo-referenced 
meteorological data. In a second step, the repeated cross-
sectional national living standard measurement surveys 
(2002, 2004, and 2006) from Vietnam are augmented 
with the natural disaster measures derived in the first 
phase, to estimate the welfare effects associated with 
This paper—a product of the Poverty and Inequality Team, Development Research Group—is part of a larger effort in 
the department to understand household vulnerability to weather-related shocks. Policy Research Working Papers are also 
posted on the Web at http://econ.worldbank.org. The author may be contacted at pflewitt@worldbank.org.  
natural disasters. The results indicate that short-run losses 
from natural disasters can be substantial, with riverine 
floods causing welfare losses of up to 23 percent and 
hurricanes reducing welfare by up to 52 percent inside 
cities with a population over 500,000. Households are 
better able to cope with the short-run effects of droughts, 
largely due to irrigation. There are also important long-
run negative effects, in Vietnam mostly so for droughts, 
flash floods, and hurricanes. Geographical differentiation 
in the welfare effects across space and disaster appears 
partly linked to the functioning of the disaster relief 
system, which has so far largely eluded households in 








































































































































































































































































11 To be precise,              ∑
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       with r(x) the inverse distance weighted rainfall at interpolated 
point x, based on observed rainfall values rk at k=0,1, …, N known interpolating (known) points xk, with 
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24 The log‐likelihood function associated with (2) can be written as          2 ⁄     2       2 ⁄          
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  2.92  0.06 ‐ 1.04  0.58 
Drought this year*drought 
frequency 
  0.3023 0.2918 0.0704




     1.23 ‐ 0.06 
Drought last year  0.0118  0.004  0.1159 ‐ 0.0008 
  0.44  0.06 0.45 ‐0.01
Drought last year*drought 
frequency 
  0.1253  0.0179 ‐ 0.1257 
    0.35  0.05 ‐ 0.45 
Drought last year*ln(hours) from 
500k city 
   ‐ 0.0212  0.0111 





























































  4.4  0.37 ‐1.05 ‐1.87
Riverine flood this year*Riverine 
flood frequency 
  0.1418  0.1299  0.1440** 










  ‐5.44 ‐ 0.38 ‐ 4.22 ‐ 5.417 
Riverine flood last year*Riverine 
flood frequency 
 ‐ 0.1263 ‐ 0.0521 ‐ 0.0051 




    3.71 3.66
Riverine flood frequency 
(proportion) 
 ‐ 0.032 0.5082*** 0.0407***




   ‐ 0.1513*** ‐ 0.1041*** 
     ‐ 3.88 ‐ 4.24 
Hurricane force wind   
Hurricane force wind this year  0.0185 ‐ 0.0726 ‐0.4159 ‐0.7309***











    1.07 2.99
Hurricane force wind last year  0.0384  0.1967*  0.0658 ‐ 0.1642 




 ‐ 1.1792 ‐1.197 ‐1.4028**










































  ‐16.32 ‐ 16.49 ‐ 16.66 ‐ 29.05 
1 if household head is female 0.0123*  0.0104* 0.0081 0.0005


















































  51.35  52.7  54.59  65.25 
Days ill in bed, senior household 
members 
0.0001  0.0001 0.0001 0.0000
  0.71  0.67 0.6 0.47
Days ill in bed, adult household 
members 
‐0.0002 ‐ 0.0002 ‐ 0.0002 ‐ 0.0002*** 
  ‐1.42 ‐ 1.45 ‐ 1.57 ‐ 2.07 
Days ill in bed, children  0.0001  0.0002  0.0002  0.0002 


























‐0.0704 ‐ 0.0754 ‐ 0.0694 ‐ 0.0723* 







  1.97  1.92  2.03  2.51 
1 if electricity in enumeration area  0.0047  0.0145 0.0057 0.0018
































‐0.0072 ‐ 0.0089 ‐0.0096 ‐0.0172***













































  4.14  4.01  3.03  5.25 
Region 3: Northwest  0.044  0.0505 0.0436 0.0335
  1.28  1.51  1.35  1.31 
Region 4: Northcentral Coast  ‐0.0347 ‐ 0.0254 ‐ 0.0727*** ‐ 0.0504** 










































  95.01  94.78  86.6  67.38 
r2/ln L  0.57  0.57  0.58 ‐ 23,761.1 
F  481.45  404.4  359.8  
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Drought this year  0.0245  0.193 ‐667 423 ‐13387*    ‐0.0232
  0.58  0.95 ‐0.5 0.91 ‐1.91 ‐ 0.92
Drought this year*drought 
frequency 
0.0704 0.9981   0.029
  0.46 1.22   0.36
Drought this year*ln(hours) from 
500k city 
‐0.0006  ‐0.0923* 549 ‐128 4192**   0.0058
  ‐0.06  ‐1.95 1.56 ‐1.07 2.28  1.03
Drought last year  ‐0.0008  ‐1.2525* ‐288 ‐2208 17699  0.0538
  ‐0.01 ‐1.68 ‐0.05 ‐1.49E+00 0.75  0.67
Drought last year*drought 
frequency 
‐0.1257  ‐1.0411  ‐ 0.1084
  ‐0.45  ‐0.85  ‐ 0.94
Drought last year*ln(hours) from 
500k city 
0.0111  0.3263** ‐388 313 ‐4247 ‐ 0.0053
  0.31  2.24 ‐0.28 0.87 ‐0.72 ‐ 0.3
Drought frequency (proportion)  ‐1.2609*** ‐3.4800** 11703 10822*** 64532 ‐ 0.3115**
  ‐4.25  ‐2.26 1.11 2.98 1.18 ‐ 2.15
Drought frequency*ln(hours) from 
500k city 
0.2845***  1.0100** ‐3830 ‐2761*** ‐19709  0.0738*
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Excess rain this year  ‐0.0768** ‐0.3798** ‐8908*** 707 12524**   ‐0.0214
  ‐2.21 ‐2.51 ‐2.92 1.52 2.07E+00 ‐ 1.34
Excess rain this year*Excess rain 
frequency 
0.0685*  ‐0.1213  ‐ 0.0265
  1.90  ‐0.51  ‐ 1.34
Excess rain this year*ln(hours) 
from 500k city 
0.0159 0.1455*** 2280*** ‐277** ‐1759  0.0101*
  1.49 2.96 3.17 ‐2.34 ‐1.14  1.95
Excess rain last year  0.1337*** 0.3661** 2005 1201** ‐13616**   ‐0.016
  4.14  2.51 1.31 1.99 ‐2.25 ‐ 1.01
Excess rain last year*Excess rain 
frequency 
‐0.0852** ‐0.5361**  ‐ 0.0191
  ‐2.17 ‐2.39  ‐ 0.86
Excess rain last year*ln(hours) 
from 500k city 
‐0.0182* ‐0.0327 ‐310 ‐303** 3492**   0.0068
  ‐1.95 ‐0.74 ‐0.84 ‐2.05 2.3  1.47
Excess rain frequency (proportion)  ‐0.2828**  ‐0.8208 14364** 1237 ‐54117**   0.057
  ‐2.26 ‐1.49 2.52 0.85 ‐2.41  0.91
Excess rain frequency*ln(hours) 
from 500k city 
0.0798** 0.1031 ‐3694*** ‐129 12517**   ‐0.0151
  2.77 0.73 ‐2.79 ‐0.39 2.53 ‐ 1.05
Riverine flood     
Riverine flood this year  ‐0.0575*  0.3427* ‐1729 ‐826* ‐6324  0.0267
  ‐1.87  1.93 ‐1.21 ‐1.87 ‐1.48  1.58
Riverine flood this year*Riverine 
flood frequency 
0.1440** ‐0.1806  ‐ 0.0531
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0.0091 ‐0.0955** 538 259** 1857 ‐ 0.006
  1.17 ‐2.24 1.43 2.14 1.41E+00 ‐ 1.4
Riverine flood last year  ‐0.1723***  ‐0.8076*** ‐2582** ‐331 ‐2185 ‐ 0.0546***
  ‐5.417  ‐5.42 ‐2.04 ‐0.74 ‐0.42 ‐ 3.02
Riverine flood last year*Riverine 
flood frequency 
‐0.0051 1.2278***  ‐ 0.0018
  ‐0.07 2.91  ‐ 0.04
Riverine flood last year*ln(hours) 
from 500k city 
0.3397*** 0.1197*** 612* 74 1222  0.0134***
  3.66  2.99 1.75 5.60E‐01 7.90E‐01  2.96
Riverine flood frequency 
(proportion) 
0.0407***  0.6768 7506* 1177 11479  0.0434
  4.87  1.58 1.7 0.82 0.64  0.86
Riverine flood frequency*ln(hours) 
from 500k city 
‐0.1041*** ‐0.3161** ‐1828* ‐212 ‐4749 ‐ 0.0088
  ‐4.24 ‐2.49 ‐1.66 ‐0.56 ‐0.99 ‐ 0.66
Hurricane force wind   
Hurricane force wind this year  ‐0.7309*** 0.0771 ‐40831 ‐2183 ‐22448 ‐ 0.0999




‐0.9634  1.1605  ‐ 0.2275
  ‐1.41 0.41  ‐ 0.71
Hurricane force wind this 
year*ln(hours) from 500k city 
0.1737*** ‐0.0017 8208 626 3153  0.0188
  2.99  ‐0.01 1.33 1.54 0.39  0.75
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‐1.4028** ‐3.0042  ‐ 0.4922*
  ‐2.06  ‐1.32  ‐ 1.8
Hurricane force wind last 
year*ln(hours) from 500k city 
0.0762**  0.4991*** 1038 248 19613*    0.0105
  1.97  3.77 0.72 0.49 1.85E+00  0.74
Hurricane force wind frequency 
(proportion) 
‐2.1608*** ‐1.3598 ‐5555 ‐834 ‐9578  0.0226
  ‐7.45 ‐1 ‐0.46 ‐0.24 ‐0.22  0.18
Hurricane force wind 
frequency*ln(hours) from 500k city 
0.4584***  ‐0.0417 1891 400 ‐8326 ‐ 0.0282
  5.79  ‐0.09 0.6 0.41 ‐0.65 ‐ 0.76
Household characteristics     
log of household size  ‐0.2832***  0.9004*** 268** ‐380*** 1996**   ‐0.0772***
  ‐56.634 36.13 2.1 ‐6.2 2.01 ‐ 29.53
dependency ratio  ‐0.0047*** ‐0.0073*** 25*** 6*** 49*    0.0010***
  ‐36.03  ‐14.26 4.07 3.27 1.78  15.03
1 if ethnic minority; 0 otherwise  ‐0.2422*** ‐0.9442*** 482 ‐371*** 3368 ‐ 0.0237***
  ‐29.05 ‐14.54 1.54 ‐3.11 1.49 ‐ 4.62
1 if household head is female 0.0005  ‐0.0971*** 75 235*** 4958*** ‐ 0.0037
  0.10  ‐4.56 0.53 3.6 4.5 ‐ 1.48
log of age of household head  0.1317*** 0.1358*** 269 1502*** 11890*** ‐ 0.0019
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primary school   0.14073*** 0.4720*** ‐68 130** 2851**   ‐0.0044
  26.99 17.65 ‐0.47 1.97 2.16 ‐ 1.55
Lower secondary school  0.2524***  0.7603*** 13 106 5739*** ‐ 0.0112***
  44.32 28.11 0.07 1.5 3.78 ‐ 3.55
Higher secondary school  0.39063*** 1.0970*** ‐469* 261** 11165*** ‐ 0.0018
  47.55  32.37 ‐1.96 1.99 5.68 ‐ 0.42
Short‐term technical worker  0.47005***  1.2881*** ‐528 340** 10008***  0.0191***
  37.51 26.95 ‐1.48 2 3.66  2.83
Long‐term technical worker  0.5312***  1.3951*** ‐359 635*** 5688**   0.0218***
  44.43  31.19 ‐1.14 3.7 2.08  3.5
Professional secondary school  0.55974*** 1.3057*** ‐1704*** 345* 3299  0.0360***
  42.96  30.58 ‐3.06 1.79 1.14  5.56
College diploma and above  0.76219***  1.7775*** ‐654 1177*** 378  0.0488***
  65.25 43.09 ‐1.44 5.19 0.16  7.32
Days ill in bed, senior household 
members 
0.0000  0 2 3*** 13  0
  0.47  0.09 0.77 2.86 0.89  0.76
Days ill in bed, adult household 
members 
‐0.0002***  ‐0.0017*** 11*** 3** 25*    0
  ‐2.07  ‐3.9 3.72 1.97 1.68  0.92
Days ill in bed, children  0.0002 ‐0.0004 7 3 ‐8 ‐ 0.0001
  0.94  1.49 1.29 ‐0.25 ‐ 0.91
Own a house (1=yes; 0=no)  0.1592***  0.8281*** ‐36 157 3892**   ‐0.0132**
  15.40 13.75 ‐0.13 0.79 2 ‐ 2.25



















  ML  OLS  Tobit  OLS













  ‐37.63 ‐23.52 1.26 ‐1.33 ‐3.51 ‐ 10.36
Areas of land owned (squared 
metres) 
0.0883*** 0.3802*** ‐138* 40 1265**   ‐0.0038**




‐0.0723*  0.1658 ‐949** ‐124 ‐2687  0.0011
  ‐1.74  0.47 ‐2.09 ‐0.84 ‐1.02  0.04
1 if sanitary living water in 
enumeration area 
0.1014*** ‐0.1143 18 96 8013***  0.014
  2.51 ‐0.34 0.04 0.6 2.67  0.58
1 if electricity in enumeration area  0.0018 0.18 76 333*** 2023 ‐ 0.0324**
  0.12  0.96 0.31 3.36 0.87 ‐ 2.09
1 if sanitary latrine in enumeration 
area 
0.1002***  0.4157*** ‐179 403*** 13758***  0.0176***
  12.88  6.65 ‐1.1 6.47 9.02  3.22
1 if living on primary or secondary 
road 
0.1080*** ‐0.2622 1127 216 ‐4525 ‐ 0.0018
  4.26 ‐1.54 1.13 0.57 ‐0.79 ‐ 0.11
Log of distance (km) to closest 
primary or secondary road 
0.0194***  ‐0.0373 117 56 ‐432 ‐ 0.0012
  5.53  ‐1.55 0.88 1.11 ‐0.53 ‐ 0.52
Log (1+ elevation in meters)  0.0008  0.003 94 61 2879**   ‐0.0035




‐0.0172***  ‐0.0773** ‐359 ‐161* ‐4553*** ‐ 0.0004
  ‐4.62  ‐2.51 ‐1.56 ‐1.84 ‐3.98 ‐ 0.11
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  ‐8.10 ‐3.58 1.72 ‐1.67 ‐0.83 ‐ 0.01
Log (1+tenths of hours to urban area 
of > 100,000 people) 
‐0.0426*** 0.0482** 46 43 ‐1286  0.0023
  ‐6.03 2.22 0.35 0.91 ‐1.45  1.1
Log (1+tenths of hours to urban area 
of > 500,000 people) 
‐0.1190***  ‐0.0751*** 276* ‐62 ‐152 ‐ 0.0022
  ‐11.73  ‐3.28 1.74 ‐1.15 ‐0.15 ‐ 0.99
Regional characteristics   
1 if urban; 0 otherwise  0.27923***  0.4571*** ‐469 30 2260  0.0247***
  34.94 10.56 ‐1.52 0.25 1.44  5.48
Region 2: Northeast  0.0860***  0.1445** 1004* 304* 1642 ‐ 0.0226***
  5.25  2.46 1.67 1.93 6.20E‐01 ‐ 3.49
Region 3: Northwest  0.0335 0.0545 1637** ‐454 9462*    0.017
  1.31  0.43 2.14 ‐1.29 1.87  1.45
Region 4: Northcentral Coast  ‐0.0504**  0.0366 1516** 613*** 7550**   ‐0.0072
  ‐2.41 0.48 2.32 3.51 2.46 ‐ 0.91
Region 5: Southcentral Coast  0.1409***  0.2884*** 5111*** 515** 8506**   0.0254**
  5.55  2.8 4.44 2.15 2.08  2.49
Region 6: Central Highlands  0.0687*** 0.1144 1936** 811*** 5428  0.0605***
  2.75  0.87 2.32 3.24 1.18  5.24
Region 7: Southeast  0.2347***  0.2871*** 3449*** 835*** 12333***  0.0825***
  12.07 3.88 4.2 4.32 3.87  10.37
Region 8: Mekong Delta  0.2157***  0.2418** 2840*** 686*** 13412***  0.0927***



















  ML  OLS  Tobit  OLS













1 if year 2004; 0 otherwise  0.33537*** 0.7683*** ‐5885*** 729*** ‐304 ‐ 0.0395***
  44.92 23.52 ‐5.23 6.33 ‐0.2 ‐ 10.53
1 if year 2006; 0 otherwise  0.64451***  1.0031*** ‐4341*** 1050*** 249 ‐ 0.0246***
  88.39 30.59 ‐5.08 9.79 0.16 ‐ 6.59
Constant  7.0465*** 5.7400*** ‐12589*** ‐5697*** ‐121334***  0.7821***
  67.38  14.06 ‐4.1 ‐8.86 ‐8.12  22.73
r2/ln L    0.3      0.29
F  135.18 0.77 16.14 3.56  127.76


















1 ‐ 0.19  0.64  0.34  24.7 
2 ‐ 0.27  0.49  0.52  27.5 
3 ‐ 0.56  0.34  0.75  41.3 
4 ‐ 0.95  0.06  1.11  78.1 
5 ‐ 0.72  0.02  1.10  220.8 
6 ‐ 1.05  0.07  1.10  232.1 
7 ‐ 1.16  0.08  1.11  277.1 
8 ‐ 0.95  0.07  1.09  314.7 
9 ‐ 0.20  0.05  0.97  242.2 
10 ‐ 0.51  0.16  0.91  194.8 
11 ‐ 0.30  0.32  0.69  117.2 

























drought (20%<median)  this year  1    
  last year ‐ 0.0079 1   
  incidence  0.242  0.1474  1                  
flash flood (>300mm in 
5 consec days) 
this year ‐ 0.1351  0.033  0.1219  1                
  last year ‐ 0.0322 0.0249 0.2783 0.4409 1   
  incidence ‐ 0.1247  0.102  0.3386  0.6106  0.7001  1         
river flood (DFO, <2m 
elevation diff) 
this year  0.3488 0.0051 0.1178 ‐0.1609 ‐0.1628 ‐0.3001 1  
  last year  0.4008 ‐0.0288 0.1916 ‐0.0985 ‐0.0693 ‐0.1617 0.5465 1  
  incidence  0.3723  0.0045  0.2108 ‐ 0.1331 ‐ 0.1091 ‐ 0.1954  0.7497  0.7305  1      
hurricane  this year  0.0407 0.0439 0.0451 0.0044 0.1672 0.1503 ‐0.0377 ‐0.0142 ‐0.0321 1  
  last year ‐ 0.044 ‐ 0.0149  0.1372  0.013 ‐ 0.0303  0.0954 ‐ 0.0377  0.0067 ‐ 0.0283 ‐ 0.0114  1  


















































< 1 hour  0.51  0.19 0.91 9.73 0.05 2038  0.83 3513 0.13 19303
1‐5 hours  0.28  0.53 0.87 9.14 0.08 1013  0.88 2073 0.05 14284
5‐10 hours  0.25  0.59 0.72 9.08 0.09 1252  0.79 1741 0.05 16729
> 10 hours  0.30  0.50 0.72 9.05 0.12 634  0.85 1626 0.06 12475
    
Total  0.31  0.48 0.82 9.21 0.08 1096  0.85 2172 0.07 16017
1) average amounts among those who received disaster relief or remittances
 